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The Center for Fire Research of the U.S. National Bureau of Standards
hag developed an evaluatiomn systew for determisiing the risk to 1life from
fire in health care facilities. The system was based on s cyclical
approach designed to enhance the judgmental dectsions of engineering
professionals. The focus of the apbroé:h waa on achieving consensus
regatding the impact of each variable on life safety and ensuring that
all aspects of safety were simultaneously satisfled. The use of thia
ayatem in field investigations as well as computer applications is also

discussed.
Résumé

Le Centre de Recherche Incendie du Bureau National des Standards E.U. a
développé un systéme d'évaluation en vue de déterminer les risques pour
la vie causés par 1'incendia dans les centres de solns. Le systime a
€ré €tabli 2 partir d'une approche cyclique des jugements emis par des
ingénieurs de mérier, le but étant d'arriver 2 un consensus relatif a
1'impact de chaque variable sur le niveau de sécuricé vie, et.&'aaaurer
que tous les aspects de sécurité alent &tré traitéi simultanédment.
L'utilisation pratique de ce systdme sur le terrain et ses appiications

informatiques sont ici épgalement présentés.

The objective of this paper is to present the concepts used, the lessons
learned and the poteatials envisloned as a result of the developmént of
the Fire Safety Evaluation System for Health Care Facilities by the
Center for Fire Research at the U.S. Wational Bureau of Standards. The
paper also mentions subsequent work en extending this approach to
different occupancies and to other problem areas. The evaluation system

15 a grading system developed through Lhe consensus of experts. The
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development of consensus in this case differed from many of the tradi-
tional approaches due to the use of a hlerarchical system of separate
consensus groups., Furthermore, the development and proofing procedures
involved separately focused consensus judgments with feedback cycles

that returned to the édvaluators the impact of the focused judgments.

The term “Fire Safety Evaluation Systeam"” as used in the Center for Fire
Regearch has become a generic term defining grading systems designed to
determine the relative level of overall fire safety of existing or
propoged facilities. Comparison is made with the fire gafety level that
would exist in a hypothetical facility that exactly matched the require-
ments of an explicit regulatfon. The specific evaluation system used as
the basis of discussion in this paper is the Fire Safety Evaluation
System for Health Care Facilities. References in this paper to
“"evaluation system” or "the system" réfer to the Fire Safety Evaluation
Syatem for Health Care F;cilities {1}. 1his evaluastion system is speci-
fically designed to evaluate health care facilities. The system compares
the level of safety of the measured facility to that prescribed for such
a facility by the Life Safety Coda (NFPA 101-1981)(2].

Figure 1 shows Tables 4 and 5 from the evaluation system. Thesze are the
tables most critical to the evaluation and most important to the chjec-
‘tive of this paper. Any person wishing to undertake test application of
the full system is advised to obtain referencea 1 and 2. The part of
‘the evaluatfon system represented by the Tables 1u’Figure 1 attempts to
describe the universe of common building factors that determine fire
safety. For practical considerations, however, those factut& that ralate
“to bullding utilities, furniture, and emergency pfocadures are handled

elsevhere in the overall evaluation system.

Given the above limitations, Table 4 {s then conaidered as a reasonable
description of the controllable building paraﬁetets that determine

the difference in fire safety of one health care facflity as compared to
another. The levelzs of the parameters in Table 4 represent the levels
of performance that are curvently recogunized by Y.3. codes and regula-’
tions, or exigt in the real world but are either below the minimum or as
(in the case of smoke control) above any currently required level. A

major effort has been made to stay with the recognized levels to enable
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the use of the evaluation system by the curreant professional cadre of

regulatory authorities reviewing plans or inspecting buildings.

The parameter values in Table 4 shown for each level are dime;slouless
numberd developed through consensus and are designed to be reagonably
comparative in relative value in both the evaluation of the levels within
a single parameter and the relative evaluations of individual levels from
different parameters. 1In general, negative numbers reprasent an item
decrimental to life safety and positive nuqbera represent items additive

to life safaty.

The parameter values of a measured facllity are determined using Table 4.
The results are then transferved tﬁ_Table S. Table 5 evaluates the
importance of each parameter to the fire gafety objectives of fire con-
cainment,.a:tinguishment, and people movement (Including refuge). The
use of the shaded entries prevents applic&tion of some parameters.to some
cbjectives. This approach avoids the over dependence on any single
paraneter and Insuresg a degree of redundanqy as expected in the Life
Safety Code and most other vepulations. Once the values are transferred

to Table S the columns are added and a profllé,of four scores are gbtained.

A set of mandatory minimum values for the first three objectives thar
must be met in order to satisfy the requirement of equivalency were
derived by using the evaluation system to measure ths referenced Life
Safety Code as thougﬁ it were the description of an actual building.
These values varied according to the aize and age of facility. For
example, a.new multi-grory facility requires ﬁintnun'scotes of 14 for
containment, 8 for extingulshmenc, and 9 for people movement. Not shown
ifn this presentation but available through references 1 and 2, are
adjustment measurements made on the fourth parameter, general safety.
These adjustments ralse or lower the level of that requirement according
to the degree of disability of the patlents and the level of nuraing
staff prdvided. _

By this evaluation system any facility that has a profile of scores in

Table 5 that all equal or exceed the profile of scores for a2 similar
building under the Life Safety Code is considered as equivalent to the
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Life Safety Code. Any building that faills in ons or mors iz conaidered
am not being demonstrated as equlvalent by this system.

The validity of the evaluation system approach rests primarily on the
three factors of:
| a. the completeness of the universe of parameters and parameter
laevels that form Table 4;
b. cthe appropriateness of the relative parametar values asaigned
in Table 4; and
¢, the relationships established in Table 5.
The gystem was developeﬂ and the above problems attacked using four
different groups of technically qualified persons., Individual groups
entered ths process at various atages of development but continued to
participate from that point until the essential concluslon of the project,
the adoption of the Fire Safety Evaluation System as an appendix in the
1981 Life Safety Code. The four groups ara described below.

8., Project Staff. The project staff proposed the parameters, the
variable levels of the parameters (but not the value of these levels)
and the "redundant” fire safety objectives that constitute the column
headings in Table 5. The basic tools to achleve this consisted of a
detailed analysls of the requirements of tﬁa Life Safety Code, and an
event-logic evaluatiocn of the fire safety methodologies available usiﬁg
references such as the National Fire Prb:ection'&snociatiqn decizsion
‘tree [3]. A study bj the staff of the relationship of the requirements of
the Code to the fire safety functions related to that requirement 1s
presented in {1]. fThe prime product was a form very similar to thit which

now censticutes Table & in Figure 1 except that no parametric values were
included.

b. HNBS Delphi Panel. A Delphi ﬁanel consiating of the best
.qualified persons in the Center for Fire Research was then assigned the
task of critiquing the parameters as presented by the staff and.deteruin-
ing 1f all the parameters that were relevant to each of the redundant
fire gsafety objectives in Table 5 of Figure ) were included. They also

provided the inicial estimates of the relative parameter values. The

mechanism involved a cyclic delphi approach where individuals privately
made thelir best estimates of the parameter values, Each member of the

58



panel mada his estimates first in terms of the general, or overall, iapact
on the stated objective of fire safecy in health care facllities equivalent
to that preecribed by the Lifa Safety Code., Each member of the delpii
panel also made three additional similar appraisals fﬁhusing on the aspeci-~
fic, redundant fire safety objectives of containment, extinguishment and
people movement. The process was cycled several times following tradi-
tional delphi concepts and eveatually brought to iuitial resolution in
panel sessions to reach a consensus among the experts, The values for
genaral impact wera then used for the initial version of Table 4. The
relative values developed by the appraisal of the three redundant
oblectives was used to develop Table 5. The basic methodology used to
develop Table 5 was to eliminate from consideration those parameters where

‘tha evaluation of the redundant factor showed little or mo vgriation in

impact between the highest and lowest fatéd level for a givem parameter.

c. Peer Consultant Group. The Peer consultant group consisted of

recognized guthorities in fire safety, health care, and standards and
tegulatioﬁ. The prime assignment of the Peer consultant group was to
review, in terms of total fire safety performance, the levels of safety
allowable by the evaluation system relative to that which would be
required by prescriptive compliance to the Life Safety Code. The tech-
niques developed through these meetings are felt to be the most important
new centribution to judgment emhancement from this effort and will be
discussed further. |

d. NFPA Task Croup. At a point in the development of the system,
it was formally subaitted to the National Fire Protection Asscclation
Committee on Safety to Life am a proposed addition to the 1981 Life

Safety Coda. The reaponsibla subcommittee of that organization set up a
special task group to review this gystem. That task group was esseantislly
a replication of the peer consultant group. It also provided special

: ]

expertise in assuring that the parameter levels reflected the current

" technological base and intended meanings of the Life Safety Code.

The above four groups worked im & cyclic feedback system. Each problem

or queetion raised was recycled through all four groups wmtil a broad

based consensus was reached that the system truly measured equivalency
to the level of safety fnhereat in explicit compliance with the Life
Safety Code. ’
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A number of tools vere used to provide dsta to prove tha systesx including
field tests, voluntary completion of the forms by facility edwinistrators
and engineora. and exercising of the systeam by fire authorities. All of
these were useful, however they tended to present cases in which the level
of safety was either gso clearly poor or conversely so obvicusly good that
tha abilicy of the system to delineate those buildings that were marginal
was not being evaluated. To attack this problem, a computer sorting
program was developad. The initial form of this program is reported 4in
[{1]. This program is capabla of presenting all of the possible gatisfac~
tory solutions for any,building evaluation that fails to satisfy all four
fire safety objectives. .Since there are between 300-500 million possible
permutationa of Table 4, the computer program ism arranged so that the
user can set logical limite and produce only those feasible solutions
that represent corrective actions requirin; ninimun chnnga.. Rormally
this process reduced the search for alternatives to less than 1,000, The
staff then selected those strategies that represented the least demanding
(from a fire safety performance view) acceptable solutions. In most
cases, this reduced the number of strategies for examination to 10 or
less. The reaidusl critical cases were then presented to the Peer
Advisory Group and the KFPA Task Group. The method of presentation wae
ax shown in Figure 2. The left hand column of Figure 2 represents the
parameter requirements specified for the particular clase of buildings

by the Life Safety Code. The right hand column represents the coupara~
tive set of performance requirements produced by the evaluastiou nystem
for the case being prasented to the Pasr Advisory Group. The group then
attempted to ansver the tvwo following questions.

- a. Which of the two solutions produces the higher probability of
freadom from fire harm for a patient over the 1ife of his/her
stay in a health care facilicy? '

b. Would safety be enhanced Lf the evaluation system solution wera
revised to eliminate (trade—off) all of chose features that
exceeded the miniernmm requirements of the Life Safety Code in
return for upgrading to the mianimum required by the Life
Safety Coda of all those featyres that were lesgs stringent than
the requirements of the Code? .



The regponse to these two questions conaistently brought out the strengths
and weaknesses in the solution. The second question tended to eliminate
habitual or precedential preference to the Code.

The vast number of possible parameters prevented such an exanination of
every conceivable alternative that could be produced by.tha evaluation
ayatem. Tha process however was repeated through each of the questionable
golutions derived through conditions found in the field surveys, occurring
in the sample evaluation system submitted, or raised by any member of the
review groups or any other sourca., The result was the development of a
level of confidence in the consistency and validity of the producte
derived to produce a consensus of commitwent to the validity and credi-

~bility of the system by the collected advisory groups.

In application, the system has demonstrated an ability to drastically
reduce the cost of upgrading existing facllities to meet minimum levals of
fire safety by allowing increased flexibility in design, and by developing
additional options more suitable to operating management. The favorable
nature of these attributes has led to additional applicatious in other
types of construction,

As the result of the level of interest im using this approach in other
areas the following brief protocol has been proposed as a guide to

chosing problems amenable to solution by consensus evaluation systems

such as the Fire Safety Evaluatfon Systeus.

a. The data on methods availabla to attack the prdblen'iaéoive
degrees of uncertainty that preclude solution through tradi-
tional analytical methods. Thia type of consengus approach
should be considered inappropriate in any case wvhere ita possible

v to upply basic principles of physics and chemistry, established
deterministic engineering brocedutea. or statistical analyais
from a sufficient data base, However, where the preceding are
not sufficiently complete ko provide the needed answer, an
evaluation system approach should be considered, with all avail-
able data used to increase the insight and competence of the

participants.
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The problem at hand favolyes complex interactions that hsve a

potentially identiftable universe of parameters and the

parameters have potentiaslly identifisble levels of performance.
The evaluation system appears to work best where the universe
of the overall problem can be conveniently broken down into
between § and 20 parameters and these individual parametera

generally have at least three levels of performance.

The necessary degree of resolution of uncertainty is potentially
within the llmits_of consensus by experts enhanced by the best
available data. It must be expected that there will be a degree
of variation aven in the use of identical Lerms by experts. If
mathematical precision to close tolerance is necessary, this
approach is inappropriate. If however, the objective 13 to
{mprove methods such as current codes and regulations that inm
themselves are produced by judgment, the evaluation system
approach can both enhance the use of that Judgnment and bring
those making the judgments to a finer level of appreciation

and concensus in their efforts.

The necessary experts exist and will participate. This process
18 only as good ms the taleats of the participants. While the
number of participants in any group appears to bast function
with 10 to 20 participents, the quality of the participants is
significancly more important tham the number. It is essential
that participation in any of the judgment groﬁpq should be
based on professional qualities rather than his/her poditiou’
per se. .

Working conservative solutions as opposed to predictive models
will meet the needs. Evaluation systems must in all cases of
dispute rveech consensus by huving'iaunrds the safe or conscrva~
tive position. The end result will be a system in vhich error
is to the safaty of the individual. As such, it should alvays

over perform rather than be an exact wmodel.

Project direction invelves one or more persons with broad

knowledge in critical aspects of the problem. While functiomal




knoviedge of oparations research, delphi approaches, and other
dats organizacional and analysis mesns are importsnt, the
devalopmant team must include a strong background {n the type of
occupancy or Zacility being evalusted and the technology of the
" objective of the evaluation (a.g., fire safety, accident preven-

tion, security, ete.),

In summary, it is falt that the FPire Safety Evaluation Systes, similar to
other grading systems that have appeared arcund the world in recsnt years,
opens up new approaches to rational and sensible approaches to aeeting |
the safety needs of the public. For the specific objectives of thia
conference it ie¢ felt that the approach of developing a focused conaensus
oa the individual values of the safeguards, followed by a reasonably
exhaustive analysis of their impact on overall performance, presents an
additional mechanism useful towards the enhancement of judgment decisions.

References
1. HNelson, H.E. and Shibe, A.J., A System for Fire Safety Evaluation of
Health Care Facilities, NBSIR 78-1551-1, National Bureau of Standacds,

Washington, D.C., 1980.

2. Lifg Safety Code, NFPA 101f1981, National Fire Protection Associastion,
Quincy, Massachusects, U.S.A., 1981.

3. Firesafety Congepts Trae, Hational Fire Protection Assoc:latlon,'
Quincy, Massachusetts, U.S5.A., 1980.



ELIR RN LS O REL NS V- RN JRIFOryy
VELIENLRAT A13405 Bayy ¢ Glue) g }

(2 30 2 ey}

E-FLEI

SILVFLIO¥; 2403 GI|RAH 40 walsky

UOIRELRAT A1358G 3443 Cp BEARL (2 40 | J®g) | #anbyy

=9g =fs =g =ls | anwa wlol
s SY3NKINAS
ILVHOLAY "€l
7 WOy 3
\\\\N\\\\W&\ NOILL3D 35OMS 21
K3y

J414 WDHYH "1

)

N

SILN0Y Lh3WIA0W
AINI43N "0l

T04LHOJ 3%0HS 6

SYIUY SAOOUV2VH 8

\\\%\\ 7

SIHINI0 TWAILYIA "L

SHOISHIMG 3H02 9

2
3004407
\\\\\ 0L SHO00 S
\ \ STIWA/SKEILILYYY
\ \&\\ \\&& TR
2 7 \\\%v\\\\\ [swoe
Z, &7 ul
7 HSIHI3 HOIILNI ‘¢
0 iz § o)
i RSINIJ YOIILH) "2
KGILINULSHO) 1
(95 fEs] 51137s gt 115}
A34YS LEIHTAGH LIRSS LLIIES SYILIHvEYd
T¥YINIY 1e@ds  JINInASINGNN | LRINKIVIRG EELE
SNOILYNIVAT AL34VS TYNQIAIGN G a|gey

TR B BT TRETY L] P

Tk i W

.:._ MK LS I~ n
ELodi | abosben | AW, 1= UGB Ay § R, LbE
" ! ntt ' ST
I _.w......-.ﬁ-u r.._... it nal} [l vy {1
i ' ! t ¢ naviy 4
[T _......W“..m.,. EYIrHN T rrbaed] e MALTIL M liows
! ! r T
RO IR FLTRI LT T
LI NI Aptly bmy 1A I
s { ' 1- §11A04
Vo D JLRETELL]
- [+TILEIEA N ]}
P eI
' v 0 J-
Witx0d Hdas &
i . 07 AviwE
¢ $- u=
T4y shgdurima )
I e 3w Wel itk it -
Hhdbial [ETFTR [ETETTRRIE]
2! 3 " " LETTEAFL ]
[LNEY L T1] tanaly 1L 1A TaidM |
N KT t a4kl maed I ol vl
1 ] el O
I T5i- o Free TR rigerreeen B LY U T
LN I N EER S TN R ] b prll 441 14
w0 . L FLETE LR ]
[ TR R L] i I [T 1L
LJHA ) AL SIMe SHilLEYS
a=hiela- IR -....—ﬂnwl K] 1
[ 3 - aney
FALe Ly YUY Wity il g
§ ] §= Y am
viter ity EETTES [TILTFIE [0 DIY TR
' - i L= - t - 14540 ¥ alr
1 - P i [ 2 = - Bril
- L - 21384 1%
H .- 1503
HIERETT L AL AT
R H AT -0 NLSIHIEADY 1
EEUHLELDR]
SIMTA Selilnvind Tatlinnnd
SIRTVA SYIEINVHYG ALINS LU




SAFETY PARAMETER

Life Safety Code
(Multi-story-new}

Alternative From
Evaluation System

Score Requirement

Score Requirement

1. Construction

4 - Z 2 HR
: Fire Resistive

>1 HR
Fire resistive

2. Interior Finish 3+ Llass A 3 (Same}
(Carr. & Exit) (Flame Spread}
225
3. Interior Finish i Class B 3 Class £
{Flame Spread} {Flame Spread
<75 < 200)
4, Corridor 2 =1 HR ¥ < 20 MIN.

Partitions/Walls

Fire Resistance

Fire Resistance

4. Doors to
Corridor

1 220 Min.
Fire Resistance

G < 20 Min.

Fire Resistance

6. Zune Diwensions 0 100 - 150 Ft. >350 Ft.
(33 - 50 M) (>50 M)
7. Vertical QOpenings 3 2 - HR 0 Hon Combustible
Enclosure Enclosure
8. Hozaerdous Areas 0 None {Same)
3. Smoke Control 0 Smoke Mechanical
Partitions Bssisted by zone
i, Cmergency 0 Multiple 2 Deficient
Routes Capacity
11, Manual Fire P4 Fire Alarm No Manual
Alarm Connected Fire Alarm
To Fire Dept.
12, Smoke Detection 2 Corridors 0 None
Only
13. Automatic 0 None 8 Corridors &

Sprinklers

Habitable Spaces

Figure 2.

Comparatiive Presentation of Alternative {typical)




